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Vis ible  light,  as  usual ly used for in t rav i ta l  m i c r o s c o p y ,  causes  di latat ion of the a r t e r i o l e s  
of the denerva ted  f rog  submaxi l l a ry  musc le .  The  min ima l  effect ive  intensity of i l lumination 
of the object was 15 Ix. The  deg ree  of dilatation of the a r t e r i o l e s  in r e sponse  to max imal  
intensity of light (250 lx) was inverse ly  p ropor t iona l  to the init ial  d i a m e t e r  of the ve s se l .  
A r t e r i o l e s  20-40 ~t in d i a m e t e r  differed in the i r  r eac t iv i ty  depending on the th ickness  of  the i r  
wal ls .  Highly reac t ive  a r t e r i o l e s  have thick wal ls .  T he i r  d i a m e t e r s  w e r e  doubled or  m o r e b y  
i l lumination with v i s ib le  light. Phot ic  vasodi la ta t ion  is  r e v e r s i b l e .  
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Some of the methods  used fo r  in t rav i ta l  study of m i c r o v e s s e l s ,  espec ia l ly  those involving photographic  
record ing ,  r equ i r e  intensive i l luminat ion.  It is  a s sumed  that the light has  no apprec iab le  effect  on v a s c u l a r  

Fig. 1. Dilatat ion of a r t e r i o l e  o f  f rog submaxi l la ry  musc le  (initial d i a m e t e r  20 p) 
during i l lumination with v is ib le  light (250 Ix); A) s tate  of a r t e r i o l e  with i l lumina tor  
switched on: v e s s e l  wall s t rongly contracted and thick; B) 3 rain 35 sec  la ter :  a r -  
t e r io le  unevenly re laxed,  bead- l ike  const r ic t ions  fo rmed  along the course  of the 
vesse l ;  C) 15 rain l a t e r :  d i ame te r  of v e s s e l  inc reased  by 170%. Object ive 9•  c a m e r a  
object ive  20 • 
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Fig.  2. Degree  of di latat ion of a r t e r i o l e s  
depending on initial d i a m e t e r  of v e s s e l s .  
V e s s e l s  20-40 # in d i a m e t e r ,  among which 
a group of highly r eac t ive  (filled c i rc les )  
and poor ly  reac t ive  (empty c i rc les )  v e s s e l s  
can be  dis t inguished,  l ie between broken  
l ines;  hal f - f i l led  c i r c l e s  denote expe r imen t s  
under  ure thane .  Absc i s sa ,  d i a m e t e r  of 
v e s s e l s  (in g); ordinate ,  increase  in d i a m e t e r  
(in %),relat ive to init ial  value taken as  100%. 

t r a n s m i s s i o n  band 30% in the region ~ = 490-620 nm).  

tone under  these  condit ions.  However ,  Finsen [5] 
showed that human cutaneous v e s s e l s  a r e  sens i t ive  
to light and la te r ,  in his  l abo ra to ry  dilatation of all  
the v e s s e l s  of the frog tongue and s t a s i s  in the cap-  
i l l a r i e s  were  obse rved  under the influence of light. 
Th i s  r e sponse  was a sc r ibed  mainly  to the action of 
u l t rav io le t  radiat ion.  No attention has  been  paid to 
these obse rva t ions ,  p robably  because  v is ib le  light 
is  usual ly used for  obse rva t ions  on m i c r o v e s s e l s .  

The effect  of v is ib le  light on the mAcrovessets  
of f rog skele ta l  musc le  is desc r ibed  in this pape r .  

EXPERIMENTAL METHOD 

The submaxi l l a ry  musc le  was exposed in 
f rogs  (Rana t e m p o r a r i a ) ,  anes thet ized with Viadr i l  
(3.7 mg,  in t ravenously) ,  by the method desc r ibed  by 
Mirzadaeva  [1]. B ranches  of the t r igemina l  and fa -  
cial  n e r v e s  supplying this musc le  [2] were  divided. 
The musc le  was kept constant ly moi s t  with R in g e r ' s  
solution. The  f rog was placed on the s tage  under  an 
MBI-6 m i c r o s c o p e .  Observa t ions  were  made in 
t r ansmi t t ed  light f r o m  a spec ia l ly  cons t ruc ted  i l lu-  
mina to r  [3]. Light f r o m  the source  (a 90 W, 12 V 
incandescent  lamp) pa s sed  through a heat  f i l te r  (5% 
solution of CuC12, thickness  of the l aye r  of  solution 
20 mm) and also through a g reen  g lass  f i l t e r  (main 
The  lantern  and lamp of the i l luminator  we re  cooled 

by a fan. The  t e m p e r a t u r e  of the musc le  in the region of the light spot  was measu red  by a di f ferent ia l  t he r -  
mocouple  ( C h r o m e l - C o p e ! ) .  One of i t s  junctions w a s p l a c e d  on the do r sa l  sur face  of the musc l e ,  the o ther  
in a U-3 u i t r a t he rm os t a t .  The  d i f fe rence  in t h e r m o e l e c t r o m o t i v e  fo rce  was m e a s u r e d  with an F-18 ampl i -  
f i e r .  

The  s tate  of the  v e s s e l s  under  d i f ferent  in tens i t ies  of  i l luminat ion was r eco rded  by  se r i a l  photography.  
Exposure  to l ight of each intensi ty did not exceed 15 man. Usually the exper iment  began with min imal  in- 
tensi ty  of i l lumination; According to readings  of the light m e t e r ,  in the plane of the object  it was 15 Ix+ The  
intensi ty  was then i nc rea sed  s tepwise .  Maximal  intensi ty of i l lumination with the nominal  vol tage to the 
i l lumina tor  lamp was 250 lx. The  i l luminator  was switched off for  15-60 rain between exposu res .  The  r e -  
sul ts  given below a r e  pooled data  fo r  33 v e s s e l s  obtained by  m e a s u r e m e n t  of  s e r i a l  pho tomic rographs .  Only 
those expe r imen t s  in which the mean p r e s s u r e  in the do r sa l  ao r t a  was not below 15 m m  Hg were  included 
in the ana lys i s .  The  p r e s s u r e  was m e a s u r e d  by an e l e c t r o m a n o m e t e r  and r eco rded  on the KSP-4 potent i -  
o m e t e r .  

EXPERIMENTAL RESULTS 

Visible light had a powerful effect on the arterioles of the denervated skeletal muscle and lowered 
their tone. During the first few seconds of exposure the blood vessel wall could be seen to be strongly and 
unevenly contracted. Bead-shaped constrictions were seen on the arteriole (Fig. IA). Under the influence 
of light the smooth muscles of the vessels started to relax (Fig. 1B) and the walls of the vessel became 
straight and smooth (Fig. iC). The general pattern of the blood flow in the microcirculation was substan- 
tially modified. After a few seconds,observation in bright light revealed that all the vessels were dilated 
and the blood flow greatly increased. 

With the nominal voltage on the illuminator lamp and, correspondingly, the maximal photic flux, the 
temperature in the region of the light spot was increased by not more than 0.1~ even in the absence of the 
fan. This amount does not exceed the ordinary fluctuations of the air temperature in the experimental room. 
Consequently, the changes observed in these experiments in vascular tone were not due to heating of the 

muscle in the spot of light. 
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Fig. 3. Effect of visible light (250 Ix) on a r te r io le  with low react ivi ty  (diameter 20 #): 
A) state of a r te r io le  when light switched on: thin walls of vesse l  can be seen; B) 1 min 
later:  d iamete r  of vesse l  unchanged, blood flow slightly increased;  C) 15 rain la ter :  
d iameter  increased by 30%, marked increase  in blood flow, as shown by dark color  of 
vessel  on photomicrograph.  

The intensity of photic vasodilatat ion differed with the d iameter  of the vesse l .  The d iamter  of capil-  
la r ies  measur ing  12-13 # was unchanged by light even of maximal  intensity (250 Ix). However,  the blood 
flow in them was considerably acce lera ted .  Movement of blood began to take place along capi l lar ies  in 
which no flow had existed before  switching on the light. 

It will be c lear  f rom Fig. 2 that the smal le r  the initial d iameter  of the a r te r io le ,  the more  it was 
increased  by light. However,  some vesse l s  did not obey this rule. This  group included nine vesse ls  with 
an initial d iameter  of 20-40 # (see Fig. 2, empty circles) .  The d iamete r  of four vesse l s  was unchanged, 
even by light of maximal  intensity (250 ix). The remaining five vesse l s  of this group were dilated only by 
13-33%, whereas 10 other vesse l s  with the same initial d iameter  (this group lies between the broken lines 
in Fig. 2) were  dilated by 90-175%. 

Ar ter io les  belonging to groups with low and high react iv i t ies  to visible l ightdiffered in the s t ruc tures  
of their walls.  The walls of a r te r io les  with low react ivi ty were thin. They were seen on the photomicrographs  
as dark l ines  bounding thevesse l s  (Fig.3).  F rom their  order  in the vascu la r  network these vesse l s  evidently 
belonged to the class  of meta r te r io les  or  p recap iUary  sphincters ,  in the terminology of Zweifach and 
Chambers  [8]. The wa l l so f the  highly react ive a r te r io les  could be seen on the photomircographs  as much 
thicker bands (Fig. 1A). These  vesse l s  with thick walls could be classif ied as terminal  a r te r io les  [8]. 

Small a r t e r io l a r  branches  given off by react ive  a r te r io les  were strongly dilated (by 130-2~)0%) by 
light, although their  ac tualwal ls  couldbe quite thin and their initial d iameters  were s imi la r  to those of capil-  
l a r i e s  (under 20 #). Ar te r io les  with l a rger  external  d iameters  (40-70 #) also were  dilated by light, but 
by not more  than 90% compared  with initially (Fig. 2). Photic vasodilatat ion is revers ib le .  Constr ict ion 
took place slowly in darkness .  After illumination for 10-15 min, usually a stay of at least 1 h in darkness  
was necessa ry  before the d iameter  of the vesse l  returned to its initial value.  

The minimal effective intensity of light was 15 Ix. In light of this intensity ves se l s  began to dilate 
af ter  3-6 min. With an intensity of 250 lx the latent period of response  was 4-5 sec.  Visually the beginning 
of the response  could easily be detected by the more  rapid motion of the red blood cel ls .  With an intensity 
of illumination of 250 lx, by the end of  the f i r s t  minute the d iameter  of the vesse l  had increased to 92-95% 
of the maximal  dilatation, which was usually reached after  10-15 rain. 

The effect of light on smooth muscles  of the internal organs and vesse l s  was studied par t icu lar ly  in- 
tensively in the 1920's [4, 7]. As a r u l e , t h e  workers  concerned found that ultraviolet  light was highly ef- 
fective whereas  visible light was effective only after  p re l iminary  sensi t izat ion by var ious  substances .  It 
was therefore  n e c e s s a r y  to find out whether Viadril  pos se s se s  photosensit izing proper t ies  of this sor t .  In 
a control experiment a frog was anesthetized with urethane (180 mg, intravenously) and anesthesia  was 
maintained with ether,  whereas in the second experiment  urethane (100 rag, intravenously) was combined 

137 



with tubocurarine (0.2 rag, intravenously). The ar ter ioles  of both frogs were sensitive to the visible part 
of the spectrum and their responses were indistinguishable from those described above (Fig. 2). 

It is not only frogs whose blood vessels  are sensitive to visible light. Furehgott and co-workers [6] 
found relaxation of a strip of rabbit aorta under the influence of visible light. However, responses of the 
microvessels  to illumination with visible light, so far as the wri ter  knows, have not previously been de- 
scribed. Nevertheless,  photic vasodilatation changes the state of the microvessels  so strongly that it must 
certainly be taken into consideration during intravital microscopy of blood vessels ,  at least in frogs. 
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